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SUMMARY 

A preliminary investigation was made in Langley tank no. 2 of the 
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h y * o m c  take-om and lan~ng c-cteristica  of a A - s i z e  model .of a 
hypothetical  jet- and rocket-propelled  high-speed  airplane  fitted  with 
various designs of a s-e manoplane hydrofoil mounted near the cecter 
of gravity.   Instabil i ty of the airplane-hydrofoil  cambinations was 
present dur ing a range of speed in which transition from hydrofoil  action 
to  plan%-surface  action of the hydrofoil  occurred. With the best  
cmf igura t ims  t h e  t r a n s i t i o n   i m t a b i l i t y  was reduced  but none appeared 
acceptable f o r   W e - o f f .  The hump load-reeistance  ratio obtahed 
was 2.67. Skipping  occurred dur ing landing with peak normal accelerations 
up to 4-48 Breaker s t r i p s  a t  the r e a r  of the fuselage considerably hproved . 
the hydrodynamic characterist ics.  

I 2  

The feas ib i l i t y  of the water-based  operation of high-speed airplanes 
is being  investigated by the Langley Aeronautical:  Laboratory of tihe NACA. 
A dynamically similar model of a hypothetical  jet- and rocket-propelled 

modifications  and  types of  water-kw gears on the W e - o f f  and -ding 
character is t ics   are  bein@; studied  (reference 1). The w e  of MACA hydro- 
sk is  in this connectim has been reported in reference 2 - The present 
paper  describes a similar investigation of the use of hydrofoils a~ water- 
landing gear. 

, airplane is being used as a tes t   vehic le  and the ef fec ts  of various 

Numerous arrangements of hydrofoils have.been proposed in the past 
f o r  use on seaplanes  and  high-speed  surface  boats.  Ladderlike arrange- 
menta were used successfully on seaplanes  with a relat ively low landing 
speed by Guldmi and. on surface  boats by Bell. hmngernents of monoplane 
hydrofoils intended t o  mhfmfze  the  interference  drag of the ladderlike 
systems have been  proposed by Tietjem and Grmber-g.. The' NACA has a lso  
investigated  variom  hydrofoil systems on seaplanes and surface  boats. 
A more extended discwsion and references to original work can be found 
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in the section on hydxofoils in reference 3 -  As the l i f t -d rag   r a t io  of 
a submerged hydrofoil is greatly  decreased by cavitation, a hydrofoil 
used as the water-landlng gear of a high-speed airplane  should  preferably 
pass through the water surface and plane at  a speed less than its 
cavitation speed. 

Although a"varietq of hydrofoil systems is being  considered, the 
prel3minaxx-y tests were confked   to  single monoplane hydrofoils mounted 
near the center of gravity .and stabi l ized w h e n  under water by the aft end 
of the ,fuselage. Six  hydrofoils  incorporating  variations in  area, plan 
form, dIhe&al,  and  sectian were included in t h e  p r o m .  

Because of the inherent low air drag of-the resulting  configuratiom 
the  hydrofoils were not designed w5+& re t ract ion in mind. h order t o  
evaluate the effects  on aerodymdc performance,  wind-tunnel tests of a 
model similar to the tank model with  and without-one o f t h e  hydrofoils 
were made in the Langley 8-foot  high-speed  tunnel up t o  a Mach number 
of. 1.2 (reference  4) . 

I 

The model. used in the tan9r t es ts ,  d e s i p t e d  as Langley tank model 229, 
1 
I 2  waa a --size dynamic  model of a hypothstical  tramionic  airplane of 

13,140 pounds grosg  weight. It is fully described h~ reference 1 and is 
shown f i t t e d  w i t h  a hydrofoil in figures 1 and 2. The breaker s t r ip s  
shown on the model in 'figures 1 and 2 were used in a l l  but the i n i t i a l  
tes ta  

Weight in landing condition, porn& . . . . . . . . . . . . . . .  
Wing span, feet . . . . . . . . . . . . . . . . . . . . . . . .  
Wing area, square feet  . . . . . . . . . . . . . . . . . . . . .  
Length of fuselage,  feet . . . . . . . . . . . . . . . . . . . .  
MaxFmum diameter, of fuselage,   feet  . . . . . . . . . . . . . . .  
TurboJet ,j2cnmt, porn& . . . . . . . . . . . . . . . . . . . . .  
Rocket pounds . . . . . . . . . . . . . . . . . . . . . .  
M o m e n t  of iner t ia  i n  pitch;  elug-feet2 . . . . . . . . . . . . .  
Moment of i ne r t i a  in roll, slug-feet2 . . . . . . . . . . . . .  
Moment of i ne r t i a  i n  yaw, 81u@;-fef3t2 . . . . . . . . . . . . . .  

8,720 
25 .o 

175 
42.22 

The hydrofoils  tested are shown in figure 3 .  Hydrofoils A and B had 
rec tangdar  plan formrs and 20° . W e e d .  The other h y e o f o i ~  had swept- 
back plan form and Oo dihedral.  Hydrofoil F was also tested  with -loo 
and 30° dilaedral. The maas and aspect   ra t ios  are  noted on the  figure - 
With the exception of hydrofoil D, all the hydrofoils were of polished 
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brass.with  5-percent-thick plano-convex circular-arc  sectiom for the 
hydrofoils and 10-percent-thick  bicircular-arc  sectiom f o r  the struts. 
The plano-convex sections were used f o r  ease of machining and also 
because the f l a t  bottcgnrs were conaidered t o  be preferable  to the curved 
bott0.m of airfoil  sections f o r  'planing. Hydrofoil D wag made of 
bismuth-tin  alloy  cast over  a s t e e l  core w i t h  an 63-010 sect ion  for  
the h y d r o f o g  and an NACA 66-010 sec t ion   for  t h e  strut. 

Table I lists the  position  (designated  by X, Y, and i as s h m  
in f i g .  1) of the hydrofoils, the length of t he  breaker  str ips msaeured 
frm t h e  rear end of the fueelage, and the type of teste made of each 
c d i g w a t i o n .  The distances X and Y are measured t o  the trailing 
edge of the  hydrofoil  center  section from the nose and from the  fuselage 
center  line,  respectively, and i is the incidence of the hydrofoil  with 
respect to the  fuselage  center Use, which was also the reference l lne 
f o r  t r i m  and angle of attack. 

Tests were maae in Langley , t a n k  no. 2 t o  detemine the hydrodymmic 
take-off and landing  characteristics of the mode l .  The take-off  tests 
w8re made by towing the d e l  a t  various  conatant  speeds, f r ee  t o  trim 
and r i se ,  from the tank towing w i a g e .  The take-off test setup is 
shown Fn flgure 4. Resistance, trim, and r i s e  of the center of gmvity 
were measured, and photographs of tple spray around the model  were taken. 
The a i r  drag of the towing gear a s  Bubtracted f r c r m  the measured r e s i s t -  
ance, so that the resistance.presented  herein is t h e  sum of the hydro- 
dynamic resistance and air  drag of the model. k the low-speed portions 
of the take-off t e s t s  the f laps  were not deflected. Runs a t  high speeds, 
where the hydrofoil had lif ted.   the w i n g s  c lear  of the water, were made- 
- w i t h  a Map deflection of ZOO. ~n elevator deflection of 30° up was 
used f o r  the  take-off  tests. The ex3.stence of porpoising was noted when 
present and was a factor  in  the progressive  design of the various hydro- 
f o i l s .  No special  inv-estigation of the porpoishg  s tabi l i ty   character-  
i s t i c s  of the vakious canfiguratims m s  made, however. 

The landing t es ta  were made by launching the model at several 
a t t i tudes  and speeds fran the Langley tank no. 2 monorail and al lowhg 
the model t o  land on the water free of any restraint A l l  landings were 
made w i t h  the  flaps  deflected 20'. The speeds a t  which the model was 
hunched  during  landing tests were determined from the aerodynamic 
characterist ics of the model &Ten in figure 5 of reference 1. The 
behavior of the model and length of the landing run were observed 
visually and photographically. Normal accelerations  acting on the model 
were measured by a amall spring-driven  recording  accelerometer mounted 
& fnches  forward of the ' center of g r a i t y  . Longituainal  decelerations 

yere  not measured by instrument  but the mean longitudinal  decelerations 
were ccmrputed frm the observed le%- of landing ruzl~l 
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The gross weight of the model for the take-off tests was 7.61 pounds 
(13,140 p o d s ,  full-size) 8 were made at  a gross weight  of 

of the airplane  with most of the fuel expended. 
5 -05 pounds (8720 pounds, , which cormspan& t o  the .weight 
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KESLTLTS AND D ~ U S S I ~ N  

General Hydrodynamic Characteristics 

m e  r e s ~ ~ ~ t s  of- the hydr0-c tests are  gfmn i n *  figures 5 t o  13 . 
and tables Ir t o  V I  in the form of pictures of. the model during  take-off 
and landing, plots '  of resistance, trim, and r ise   against  speed, and tables 
of landing acceleratians and length of landing run. 

The --off was characterized by several phases, which m e  i l l u s t r a t ed  
by typical photographs of the model with hydrofoil C in figure 5 .  A t  
rest tihe mdel  floated a t  Oo t r i m  wlth t h e  center of  gravity at the water 
line. A t  law speed8 the botlxm of the wing .was Fn t h e  water, and the 
fuselage acted as a displacermsnt-'type h u l l   l i f t e d  upward by the submerged 
hydrofoil. A region of. instability  occurred In a epeed range durFng 
which t rans i t ian  fram hydrofoil ac t ion   to  p--surface action of t h e  
hydrofoil  occurred. A t  hwer epee& the hyilrofoil plane4 cm t he  surface 
of the water. Many of the configurations ran steadily at  these high 
speeds but  porpoising  occurred with sane. The porpoiahg resembled 
upper-limit  porpoishg of seaplane hulls in  that both the hydrofoil and 
the rear of t h e  fuselage were involved. 

1 .  

I 

For all of the hydrofoils except hydrofoil A the speed a t  which t h e  
hydrofoil emerged from t h e  water was so low that cavitation  should not 
occur on the fu l l - s ize  h;Ydrofoil. The elevators produced enough moment 
t o  albr the kim appreciably, a a t  speeds greater than about 24 f e e t  
per second, model size .  

. I n  general, the Lan- ruzl coneis-Eed of a series of fairly long, 
low skips  that gradually decreased Fn raagrdtude as -the model progressed 
along the landing rm. The run w a ~  straight and verg l i t t l e  change in 
a t t i tude  occurred d u r a  t h e  skips. As the awed decreased t o  a low 
value near the end of the land- rm the lift of the planing hydrofoil 
was no longer enough to support the load end the hydrofoil submerged 
This drop of t h e  model lnto the water  occurred smoothly, with no t race 
of the t rens i t ian  instabill.$. noted durin& take-offs. Sequence photo- 
graphs of a typical landing run are shown In figure 6 .  A l l  of t h e  con- 
figurations with breaker etrips had similar l+dkg characterist ics - 
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Transitian s t a b i l i t y  .-. All of the hydrofoil sgetems e m b i t e d  a 
character is t ic   instabi l i ty  in a speed mnge dur- which t ransi t ion from 
hydrofoil  action t o  p w - s u r f a c e  action of the hydrofoil  occurred. 
Model behavior in this rtmge was a cyclical moticm passhg through the 
followiqg  steps Sn about 1 second: 

(a) Model running at low trim and r i s e  w i t h  hydrofoil sribmrged. 

(b) Trim asd rise inrcrease slowQ for a short tims w i t h  hydrofoil 
samerged. 

.) (c)  rim m a  rise  increase q u i t e  rapiilly, the model pimting  about 
the r ea r  end of tihe fuselage, until the flow separates over the top of 
the hydrofoil o r  the hydrofoil  breaks through the water. 

successive  cyclee  occurred at b t e r ~ a l s  of about 3 t o  + s e c m ~ .  
2 

A t  the higher speeds of the range, tibe increaee in r i s e  and trimwas so 
violent Qat the hydrofoil came cmpletely put of the water. A t  taze 
lower speeds the loss of lift of t h e  hydrofoil  was wobably caused by a 
canibinatian of f l o w  separation and ventilation. Photogmphs of the 
model a t  low and high p o s i t i m  In t he  k a n s i t i a n  speed range are shown 
in ffgure 5 .  

The transition Fnatabiliw  appears tcr be caused primarily by t h e  
changes in lift associated  with passing through the free-water surface 
from a  hydrofoil  conditfon to a p--surface cadi t ian  ( reference 5 )  
It has also been suggested that the I n s t a B i l i t y  is aggmmted by the 
proximity and shape of the f'u8elae;e bottam. 

Deflect- the f l aps  had been found to  lower the t r i m  a t  'low speeds 
where  the f laps  we- in t h e  water. It was thought that t rans i t ion  
Inetabilitg  could be overcame by hold- down the trim In this manaery 
decreasing -&e lift of the au'tmrerged hydrofoil, m t f l  a speed was . 
reached a t  which the planing  hydrofoil would eupport-the model. This 
p?ocedure wag t r ied   bu t  was unsuccessful= With the f h p E  dam, t rans i t ion  
instabi l i ty  was more violent. Making accelerated rum at  about 2 o r  ' 

2A feet   per  second.per second through the speed range f o r   t r w i t i o n  

ins tab i l i ty   resu l ted  izI only a slight a l lev ia t ian  of the izlEtabili-t;y. 
2 

Although +he t rans i t ion   ins tab i l i ty  of ccmfigurations  incorporatin@: 
sweep, low a q e c t  z+atio, and OO dihedral was lees severe than that of 
other  canfiguration6, none of t h e m  appeared t o  be suf f ic ien t ly   s tab le   to  
a l l o w  acceptable --off S 
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Resistance.- The resistance of the model w i t h  any of the  hydrofoils 
w8~1 greater Fn progartian t o  the weight than that of conventianal  sea- 
plane f loate .  The lowest hump resistance. ,obtained in the tests.was 
tha t  of the model w i t h  hydrofoiu C a t  X = 20 inches, Y = 4 -5 FZ1ches, 
and i = 2'. (See fig.   13(c) .) For this  configuration the gross load- 
res is tance  ra t io  at  fke hmp was 2 -67, as c-ed to 4 or  more f o r  
canventional hulle . This high  resistance, however, is prokably  accept- 
able in v i e w  of the low power lcxdfn@;s of such  high-@peed ahplanes and 
the ease of adding a u x i l i a q  thrust wits for  take-off. 

Breaker strips.- Take-off characterietics of t h e  model w i t h  hydro- 
f o i l  A nlth and without  breaker  etzips exbnd3ng 18 Inches forward of 
the stern are shown in figure 7.  Withoutj the  breaker s k i p s  the model . * 

porpoised severely w i t h  the  rear of the  fuselage  fairly deep in the 
water and  had an accrunpanying high  resistance The porpoiaing  appeared 
a t  speeda jmt  greater  than the range of speeds in which t ransi t ion 
f r o m  hydrofoil  a c t i m   t o  planing-surface  acticpl of the hydrofoil  occurred. 
Installrzlg the  18-inch  breaker strips reduce& the tendency of the stern 
t o  be sucked in to  the water, reduced t h e  resistance, and deferred por- 
polsing t o  a much higher  speed. The l8-Fnch breaker  stripe were also 
used In the tests of hydrofoil By but for the remainder of the t e s t s  
breaker  str ips extending t o  the nose of the model were Fnstalled since 
this also eliminated spray in me vicini ty  of the t u rbo je t   a i r  intakes 
a t  low speeds, as shown in figure 5.  The results of reference 6 indicate 
that smaller s t r ip s  could be wed without havhg spray enter the intalres 

Deve lopn t  of Hydrofoils 

The ful l -s ize  speed a t  which hydrofoil A passed tbro- the water 
surface and began t o  plane was approxbmtely its cavitation speed. 
Q d r o f o i l  B, having twice the area of hydrofoil A, was next tested on 
t h e  model. The ef fec t  an We-off   character is t ics  of doubling the 
hydrofoil area is sham in figure 8. A s  can be seen, the large hydro- 
f o f l  B caused ths model t o  r i s e  in  the water at  lower speed and resulted 
in lower h m p  resistance  than  the  amaller  hydrofoil A .  The resistance 
characterist ics a t  high planing speeds were appmST'mRtely the same w i t h  
both hydrofoile A t  high speeds the model porpoiljed with both  hydrofoile. 
During this porpoising  the model pivoted  about the planing hydrofoil 
with l i t t l e   v e r t i c a l  movement of the  center of gravity. 

It was thought that the short  over-all length of' hydrofoils A and B 
may have been a factor  in the porpoiating experienced because of the corre- 
spondingly short   restoring  travel of the  center of pressure. Accordlngly, 
the t o t a l  length of the remaining hydrofoils was increased by introducing 
sweep. The take-off  characteristics of the model w i t h  hydrofoils B m d  C 
are canpared in figure 9. Photographs of tha spray of the model with 
hydrofoil C are given in figure 5.  Porpoising at  high speeds w a ~  not 
encountered w i t h  hydrofoil C. The speed at which t rans i t ion   ins tab i l i ty  
s ta r ted  and the range of speed in wMch it occurred were less with 
hydrofoi l  C than with hydrofoil B 



When the model was f i t t e d  with hydrofoil D, .which had a symmetrical, 
low-drag, a i r f o l l   s e c t i m ,  transiticn ins t ab i l i t y  occurred  over a large 
speed  range and the model was unstable at  planhn speeds, as sham in 
figure 10. 

Results of the *&e-off t e s t s  of t h e  *fie1 f i t t e d  with hydrofoil E, 
which had ah aspect   ra t io  of I, are given in figure U. The -e of 
speed d u r a  which transit ion  inatabil i tg  occurred vas about the same as 
that of the model w i t h  hydrofoil C, but  the hstabiliQ was lees mwre 
"he nosma1 accelerations  experienced by the model durtng lan 
less when it was f i t t e d  w i t h  hydrofoil E than with hydrofoil -? C tables were IFF 
and V) . Extension of the  investigatfon  to  hydrofoile of lower aspect 
r a t i o  was not  considered t o  be too useful as it would lead t o  shapes 
approximately those of hydro-skis, which had already been investigated. 

Effects of Same Eydrofoil Parametera 

Hydrofoil dihedral .- Since hydrofoils having e i the r  dfhedral or 
sweep alone had exhibited trmition imtabil i ty ,  %he ef fec t  of dihedral 
on the swept hydrofoil F was investigated. The results are given in 
figure l2. As can be seen, hydrofo.il F with zero dihedral was the most 
satisfactory,  a4 hydrofoil F wit31 -10' and 30 dihedral. had large speed 
ranges In which t rans i t ion   ins tab i l i ty  aid  porpoislng occurred. 

Results of the land- tes ta  of the model with hydrofoil F a t  30° 
dlhedral a r e  given In table VI ,  and sequence photographs and a time 
hiEltorg of normal acceleration8 durkg a typical  l a a n  a re  given in 
figure 6 .  The accelepticms  experienced during laTldlngs by the model 
f i t t e d  with hydrofoil F a t  30' dlhedral were slightly greater than those 
with hydrofoils' C and E 0 

&-drofoil  'position'.- The ef fec ts  on --off c ~ m z a c t e r ~ s t i c s  of 
the lmgi tudbal   poa i t im,   ver t ica l   pos i t ion ,  and incidence of the hydro- 
f o i l  are sham f o r  the model f i t t e d  w i t h  hydrofoil C in figure 13 .  In , 
general, sbuilar tests of Cue model with other hydrofoils s h m d  
cmprable e f fec ts  

. As shown in figure 13 (a),  moving the hydrofoil  rearward  decreased 
the planing resistance and lotrered the trim. There was no ef fec t  on the 
range of speed in which t r a n s i t i o n   h s t a b i l i t y  occurred. In general, 
moving the hydrofoil aft also decreased the n- accelerations and 
lmgituainal  deceleratians  experienced  during landings. (See tables 111, 
V, and VI.) However,  when the hydrofoil was too f a r  aft, the model 
tended t o  dive  af ter  land-, as indicated by the results given in 
table VI of m w  tes te  f o r  hydrofoil F with 30° dihedral. 

Increasing the vertical   distance between the flllselage and hydrofoil 
increased  the t r i m  and rise of tihe center of g r a v i t r   a t  planing speeds 
and increased the hump reeistance, a8 shown in figure 13 (b) 
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Variation of the hydrofofl.  incidence  had very l i t t l e  e f f ec t  on the 
reeistance a t  planing speeds, although  hcreasing the incidence  lowered 
the trlm and slightly  increased  the rise Figure l3(c)  shows tha t  the 
greatest  effect  of.hydrofoi1  Incidence was on the speed a t  which tran- 
s i t ion   ins tab i l i ty   s ta r ted  and on hmp resistance.   Increashg the 
incidence  increased the hump resietance and lessened the speed a t  which 
t ramit ion  Fnstabi l i ty   s tar ted.  The minimwn'epeed range In which tran- 
s i t i on   i n s t ab i l i t y  occurred wag w i t h  2' incidence. The hydrofoil  inci- 
dence had l i t t l e  effect on the acceleratime  experienced  during landings. 

On t h e  basis  of pre1Imlm.q h y d r ~ c  t e s t s  of a model of a 
high-speed  airplane f i t t e d  with a single monoplane hydrofoil  the following 
conclusiom were  drawn: 

1. A l l  configurations  tested  exhibited a character is t ic   instabi l i ty  
during a range of speed in  which t ranai t ian from hydrofoil  action  to 
planing-surface  action of the hydrofoil  occurred. The t r a m i t i o n  
i m t a b i U t y  waa made less mvere by vary- hydrofoil  parameters,  but 
none of the configuratims appeared t o  be  acceptable for take-off. 

2 The hydrodynamic resistance  of the model f i t t e d  with a hydrofoil 
was greater in proportian  to the' weight than &at of conventional  sea- 
planes. The maximum hump load-resistance  ratio  obtained was 2 -67. 

3 .  A typical landing run conaieted of  a series o f  low skips,  with 
pet& normal accelerations of f r o m  2 .lg -to 4.48, and mean longitudinal 
decelerations of fram 0 -24g t o  0 -45g. 

4. Fitt ing  breaker  str ips a t  the rear 'of the fuselage  considerably 
Improved the hy&di.ynamic characterist ics 

e 

Langley Aeronautical Ladkratory 
N a t i o n a l  Advisory Committee f o r  Aeronautics 

Langley A i r  Force Base, Va . 
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Figure 2.- Photograph of model 229 w i t h  hydrofoil D. I 

I 





.. . . .. . . . . ... . . .  . . .  . .  I 

Figure 3.- Details of hydrofoi ls. (AU dlmenslom are inches modelrsiee, feet f u l k l e e . )  
J 
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Area, 15.00 sq in. 
Aspect ratio, 1.00 

(e) Hydrofoil E. 

Dihedral Area Aspect  ratio 
sq in. 

(f)  Hydrofoil F. 

Figure 3.- Concluded. - 



Figure 4.- Take-off t e s t  setup showing model floating at " o f f  welght. - 
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4 8 10 

i 

15 30 40 fps model size 

- 
Figure 5.- Spray characterist ics of model 229 with hydrofoil C. Pictures 

- at l l  and 13  fps  show txo positions of model during t rans i t ion  
ins tab i l i ty  . 0 
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I I I I I 

wed,. '(full-size) 

Figure 7.- Effect  of  breaker s t r i p s  on take-off ch.wacterlstlc8 
of model 229 with hydrofoil A. H$drofoil position: 
longitudinal, X = 20- in. . 'vert ical ,  Y = 4.5 in. j 
incidence, I = 20. - 
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Speed, f p s   b d e l  size) 
" " .- 

I I 
0 23 K3 60 

I I 1 I t t 

80 100 120 1w $0 
Speed, r p h  ( fu l l - s ize)  

Figure 8.- Effect of hydrofoil area on " o f f  characterist ics 
of model 229. , 3ydrofoile A and B. Bydrdfoil position: 
longitudinal, X = 20 in. ; vertical ,  Y = 4.5 in.; 
incidence, i = 5O. q- 
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I 

Figure 9.- Comparison of t8ke-off character is t ics  of model 
w i t h  hydrofoils B and C. Qrdrofoil position: 
longitudinal, X = 20 in.; vertical, Y = 4.5 in.; 
incidence, i = 5O. v-b 
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SpseZ, fgs (model size) 
I 
0 P 40 60 

I I I I I I I 

80 loo 120 140 lb 
Speed, mph (full-size) . 

igure 10.- Take-off characterist ics of model 229 with h y d r o  
Hydrofoil position; l o  20 in.;  vertical, Y 
incidence, i = 5'. 
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r 7 

Figure U.- Take-off characteristics of model 229 with hydrofoil E. 
wdrof o i l  position; lo 20 in.; vertical, Y = 4.5 in.; 
inciaence, i = 5'. 
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Figure 12.- Effect of hydrofoil d i h e d r d  on take-off  characteristics 
of model 229 with hydrofoil F. Qdrofoil   posit ion; 
longitudinal, X = 20 in.; 4.5 in.; incidence, i = 5'. 
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I 

1 I I I 

0 20 40 
I 1 I t 

80 loo 1% 1w lb &wad, (ml - s i ze )  

(a) Effect of longitudinal  position. Vertical position, 
Y = 4.5 in.; incidence, i = 5 O .  

Figure 13.-Effect .of hydrofoil poeition on t8ke-off characteristics of 
model 229 w i t h  bydrofoil  C. 
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F i m e  13.- Gonthued. 
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0 2D 40 €0 80 100 l2J 
L I .  I I I I 

140 if3 
Speed, mph (full-size) 

(c) Effect of incidence. Longitudinal  position, X = 20 in.; 
vert ical  position, Y = 4.5 in. 

Figure 13.- Concluded. 
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